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Abstract. – OBJECTIVE: microRNAs (miR-
NAs) were regarded as critical participators for 
human cancers progression including prostate 
cancer (PCa) and have the potential to be used 
as treatment targets for cancers. Herein, we val-
idated a tumor-suppressive miRNA, miR-490-3p, 
which may suppress PCa progression. Histone 
deacetylase 2 (HDAC2) is a protein that aberrant-
ly expressed in several cancers. However, the 
role of HDAC2 in the progression of PCa has not 
been fully elucidated. 

MATERIALS AND METHODS: Expression of 
miR-490-3p and HDAC2 in PCa was investigated. 
The effects of miR-490-3p or HDAC2 expression 
on PCa cell behaviors were analyzed. Associa-
tion between miR-490-3p and HDAC2 was ana-
lyzed by luciferase activity reporter assay and 
Western blot assay.

RESULTS: We demonstrated that miR-490-3p 
functioned as a tumor-suppressive role in PCa 
progression. We found miR-490-3p expression 
was decreased in PCa cell lines. Down-regulation 
of miR-490-3p promoted the growth, migration, 
invasion but inhibited apoptosis of PCa cells. 
HDAC2 was validated as a direct target of miR-
490-3p and promoted the progression of PCa 
cells. Further studies showed that HDAC2 could 
reverse the effects of miR-490-3p on growth, mi-
gration, invasion and apoptosis of PCa cells. 

CONCLUSIONS: Our data highlighted the key 
role of miR-490-3p in the progression of PCa. 
Thus, miR-490-3p may be a novel cancer-specif-
ic therapeutic.
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pressor, Tumor progression.

Introduction

Prostate cancer (PCa) is one of the most com-
monly diagnosed cancer types in male with a rap-
idly increased incidence in China in recent years1,2. 
Numerous biomarkers for PCa diagnosis have 

been identified but the molecular mechanisms 
underlying the progression or metastasis of PCa 
remains to be explored3. The importance of mi-
croRNAs (miRNAs) in regulating the chemosen-
sitivity of PCa has been appreciated and showed 
a potential to be used as therapeutic targets for 
PCa4. miRNAs are a large class of non-coding 
RNAs with the length of 18-25 nucleotides and can 
regulate target genes expression mainly through 
binding to the 3’-untranslated regions (UTRs) of 
targeted message RNAs5. miRNAs were report-
ed to participate in all cell processes and have 
attracted more and more attentions due to their 
crucial roles in cancer6,7. miR-490-3p, a newly 
identified miRNA, was found closely correlated 
with tumorigenesis of several human cancers and 
function as tumor suppressor8-11. Overexpression 
of miR-490-3p significantly suppressed colorec-
tal cancer cell proliferation, metastasis, invasion, 
partially through targeting t Voltage Dependent 
Anion Channel 18. Similar downregulation status 
of miR-490-3p and association with lymph node 
metastasis and clinical stage was also observed 
in gastric cancer9. Elevated expression of miR-
490-3p was also showed capable to cause growth 
and invasion inhibition in triple-negative breast 
cancer through targeting tankyrase 210. Moreover, 
miR-490-3p expression in ovarian cancer was re-
vealed to be associated with the cisplatin resis-
tance11. However, the biological function of miR-
490-3p in PCa was not reported, which inspired 
us to explore its role and significance in PCa.

Histone deacetylase 2 (HDAC2) belongs to the 
Class I HDAC and its overexpression was found 
in several human cancers12-14. Enhanced HDAC2 
expression was showed to be correlated with ag-
gressive clinicopathological features of breast 
cancer12. In PCa, HDAC2 was reported to be a me-
diator for the tumor progression stimulation role 
of beta-adrenergic signaling15. However, the role 
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of HDAC2 in PCa is still largely unknown. The 
aim of this study was to investigate the expres-
sion and biological role of miR-490-3p in PCa. 
Also, we explored the underlying mechanism of 
miR-490-3p in regulating PCa progression. We 
found expression of miR-490-3p was significant-
ly reduced in PCa cell lines. Overexpression of 
miR-490-3p inhibited PCa cell proliferation, mi-
gration, invasion and anti-apoptosis. We further 
validated HDAC2 as a direct and functional target 
of miR-490-3p in PCa. In general, our study pro-
vide evidence that miR-490-3p functions as tu-
mor suppressor in PCa through targeting HDAC2.

Materials and Methods

Cells and Culture
Human HEK293T cell and PCa cells (DU145 

and LNCaP) were purchased from American Type 
Culture Collection (ATCC, Manassas, VA, USA). 
HEK293T was cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM; Thermo Fisher Scientif-
ic, Inc., Waltham, MA, USA) and PCa cells were 
maintained in RPMI-1640 medium supplemented 
with 10% fetal bovine serum (FBS; Thermo Fisher 
Scientific, Waltham, MA, USA) at 37°C humidi-
fied incubator containing 5% CO2.

Transient Transfection
miR-490-3p mimic, miR-490-3p inhibitor, 

and non-specific miRNA control (miR-con) were 
synthesized by GenePharma (Shanghai, China). 
The construct containing the open reading frame 
sequence of HDAC2 (pcDNA3.1-HDAC2) and 
empty vector (pcDNA3.1) were built by Gen-
Script (Nanjing, Jiangsu, China). 1×105 PCa cells 
were seeded in 6-well plates and cultured to about 
60% confluence. Transfection procedure was con-
ducted using Lipofectamine 2000 (Thermo Fisher 
Scientific, Waltham, MA, USA) in company with 
100 nM synthetic miRNAs or 5 µg expression 
vector according to the provided manual. Cells 
were collected for following experiments after 
transfection for 48 h.

RNA Extraction and Reverse 
Transcription-Quantitative Polymerase 
Chain Reaction (RT-qPCR)

RNA was isolated using TRIzol reagent 
(Thermo Fisher Scientific, Waltham, MA, USA) 
following the manufacturer’s instructions. To-
tal RNA was reverse transcribed into cDNA 
by PrimeScript RT reagent Kit (TaKaRa, Da-

lian, Liaoning, China). miR-490-3p expression 
level was measured by RT-qPCR at ABI Prism 
7900 system (Applied Biosystems, Foster City, 
CA, USA) using SYBR Premix Ex TaqTM Kit 
(TaKaRa, Dalian, Liaoning, China) using the 
following procedures: 95°C for 3 min (1 cycle) 
and 95°C for 30 s, 58°C for 30 s and 72 °C for 
30 s (40 cycles). The following primers were 
used: miR-490-3p forward, 5’-TGCGGTTCA-
AGTAATTCAGGA-3’ and reverse, 5’-CCAGT-
GCAGGGTCCGAGGT-3’; U6 snRNA forward, 
5’-CTCGCTTCGGCAGCACA-3’ and rever-
se, 5’-TGGTGTCGTGGAGTCG-3’. Relative 
expression levels were calculated with 2−ΔΔCt 
method.

Protein Isolation and Western Blot Assay
Total protein was extracted using protein ly-

sis buffer (Beyotime, Haimen, Jiangsu, China). 
Bicinchoninic acid (BCA) kit (Beyotime) was 
used to quantity the protein concentration in 
order to separate same amount of protein sam-
ples in sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE). Then, these 
protein samples were transferred to polyvinyli-
dene difluoride (PVDF) membranes (Beyotime, 
Shanghai, China). After blocked with 5% fat-
free milk, the membranes were incubated with 
rabbit monoclonal antibody targeting HDAC2 
(ab32117, Abcam, Cambridge, MA, USA) and 
GAPDH (ab181602, Abcam, Cambridge, MA, 
USA) at 4°C for overnight. Subsequently, the 
membranes were washed with TBST and in-
cubated with horseradish peroxidase (HRP) 
conjugated goat anti-rabbit secondary antibody 
(ab6721, Abcam, Cambridge, MA, USA). Fol-
lowing this, the proteins were detected using 
an enhanced chemiluminescence kit (Beyotime, 
Shanghai, China) and analyzed by ImageJ 1.42 
software (NIH, Bethesda, MD, USA).

Luciferase Reporter Assay
Targets of miR-490-3p were predicted by 

TargetScan (www.targetscan.org). 3’-UTR of 
HDAC2 was cloned from genome and inserted 
into pMIR-REPORT luciferase vector (Prome-
ga, Madison, WI, USA) and named as wild-type 
HDAC2 (HDAC2-wt). A point-direct mutagene-
sis kit (Takara, Dalian, China) was used to bu-
ild the mutant HDAC2 plasmid (HDAC2-mut). 
For luciferase reporter assay, cells were co-tran-
sfected with miR-490-3p mimic or miR-con, and 
HDAC2-wt or HDAC2-mut. After transfection 
for 48 h, Dual-Luciferase Reporter assay system 
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(Promega, Madison, WI, USA) was used to deter-
mine luciferase activity.

Cell Proliferation Assay
Cell proliferation was measured by Cell Counting 

Kit-8 (CCK-8). Briefly, cells were seeded in 96-well 
plates with the density of 2 × 103 cells/well and cul-
tured for 24 h. CCK-8 reagent (Beyotime, Shanghai, 
China) was added to each well at 0, 24, 48, and 72 h 
after seeding. The absorbance of each well was de-
termined at 450 nm using a microplate reader (Ther-
mo Fisher Scientific, Waltham, MA, USA)

Wound-Healing Assay
Cell migration was assessed by wound hea-

ling assay. Cells were seeded into 6-well plate at 
the density of 2 × 105 cells/well. The cells were 
incubated until about 90 % confluence. Then, 
a wound at the cell surface was created using 
a micropipette tip. After that, the cells were 
washed with PBS to remove cell debris. The 
wound length was recorded at 0 and 48 h after 
wound creation under a microscope (Olympus, 
Tokyo, Japan).

Transwell Invasion Assay
Cell invasion assay was conducted using 24-

well chambers with 8-µm pore size membranes 
(Corning, Inc., Corning, NY, USA). A total of 5 
× 104 cells was seeded into the upper chamber 
supplemented with serum-free medium, while 
the lower chamber was filled with FBS supple-
mented medium. The membranes were pre-co-
ated with Matrigel (BD Biosciences, Franklin 
lakes, NJ, USA) to form matrix barriers. After 
incubation for 48 h, the cells at the upper surfa-
ce, which were noninvasive cells, were removed 
by cotton swab. Cells on the lower surface of 
membranes were fixed with 4% methanol and 
stained with 0.05 % crystal violet. Invasive 
cell numbers were counted under a microscope 
(Olympus).

Cell Apoptosis Assay
Flow cytometry assay was conducted to mea-

sure apoptosis. Cells were collected and washed 
with PBS before incubated with Annexin V-FI-
TC/PI (BD Biosciences) for 15 min in darkness at 
room temperature. Following this, these samples 

Figure 1. HDAC2 was a direct target of miR-490-3p. (A) Expression of miR-490-3p in DU145, LNCaP, and HEK293T cell 
lines. (B) Expression of miR-490-3p in DU145 and LNCaP cell lines with miRNAs transfection. (C) Putative binding site be-
tween miR-490-3p and HDAC2. (D) Luciferase activity in DU145 and LNCaP cell lines with HDAC2-wt or HDAC2-mut and 
miR-490-3p mimic or miR-con transfection. (E) Expression of HDAC2 in DU145 and LNCaP cell lines with miRNAs trans-
fection. (ns not significant, ***p<0.001) miR-490-3p: microRNA-490-3p; HDAC2: Histone deacetylase 2; miR-con: non-spe-
cific miRNA control; wt: wild-type: mut: mutant; UTR: untranslated region.
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were analyzed using FACSCalibur flow cytome-
try (BD Biosciences, Franklin Lakes, NJ, USA).

Statistical Analysis
Results are expressed as the mean ± stan-

dard deviation (SD) and analyzed using SPSS 13 
software (SPSS Inc., Chicago, IL, USA). Diffe-
rences between two or among three groups were 
determined using Student’s t-test or one-way 
analysis of variance followed by Tukey post-hoc 
test. p-value lower than 0.05 was considered as 
statistically significant. 

Results

HDAC2 was a Direct Target of miR-490-3p
We found miR-490-3p levels were significant-

ly downregulated in PCa cell lines (DU145 and 
LNCaP) compared with in HEK293T cell line by 
RT-qPCR analysis (Figure 1A). Then, synthetic 
miRNAs were transfected into the PCa cell lines 
(DU145 and LNCaP) to manipulate the levels of 
miR-490-3p. We found miR-490-3p mimic in-
creased the levels of miR-490-3p, while miR-

490-3p inhibitor caused the opposite effects (Fi-
gure 1B). By TargetScan prediction algorithm, 
we found the 3’-UTR of HDAC2 contains a bin-
ding site for miR-490-3p (Figure 1C). Luciferase 
reporter assay showed that luciferase activity of 
cells transfected with HDAC2-wt was inhibited 
by miR-490-3p mimic compared with miR-con 
(Figure 1D). Further Western blot analysis resul-
ts showed that HDAC2 expression was inhibited 
by miR-490-3p mimic but enhanced by miR-
490-3p inhibitor (Figure 1E). These results de-
monstrated that HDAC2 was a direct target for 
miR-490-3p.

Overexpression of miR-490-3p Inhibits 
Cell Proliferation but Promotes Apoptosis

CCK-8 assay was conducted to investigate the 
effects of miR-490-3p on cell proliferation abili-
ty. We found miR-490-3p overexpressed DU145 
and LNCaP cell lines had significantly lower cell 
proliferation rate than the miR-con group (Figure 
2A). At the same time, miR-490-3p inhibitor si-
gnificantly promoted the cell proliferation (Figure 
2A). Furthermore, the cell apoptosis of cells tran-
sfected with synthetic miRNAs were measured. 

Figure 2. miR-490-3p overexpression inhibits PCa cell proliferation and promotes cell apoptosis. (A) Cell proliferation and 
(B) Cell apoptosis in DU145 and LNCaP cell lines with miRNAs transfection. (**p<0.01, ***p<0.001) miR-490-3p: microR-
NA-490-3p; miR-con: non-specific miRNA control; PCa: prostate cancer.
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down expression of miR-490-3p promoted cell 
invasion (Figure 3B).

Overexpression of HDAC2 Attenuated 
the Effects of miR-490-3p on PCa 
Cell Behaviors

To elucidate the mechanism of miR-490-3p in 
regulating PCa cell behaviors, we co-transfected 
the miR-490-3p mimic and pcDNA3.1-HDAC2 
into the PCa cell lines. pcDNA3.1-HDAC2 tran-
sfection significantly enhanced HDAC2 expres-
sion and it could reverse the effect of miR-490-
3p mimic on HDAC2 expression (Figure 4A). 
Enhanced expression of HDAC2 promoted cell 
proliferation, migration, and invasion but decre-

We found cell apoptosis rate was increased by 
miR-490-3p mimic but decreased by miR-490-3p 
inhibitor (Figure 2B). 

Overexpression of miR-490-3p Inhibits 
Cell Migration and Invasion

The effects of miR-490-3p on cell migra-
tion and invasion were further assessed. By 
wound-healing assay, we found cell migration 
ability was dramatically reduced by miR-490-
3p mimic but enhanced by miR-490-3p inhibi-
tor (Figure 3A). The transwell invasion assay 
revealed that overexpression of miR-490-3p 
inhibited cell invasion (Figure 3B). In the me-
antime, we not surprisingly found the knock-

Figure 3. miR-490-3p overexpression inhibits PCa cell migration and invasion. (A) Cell migration and (B) Cell invasion in 
DU145 and LNCaP cell lines with miRNAs transfection. (***p<0.001) miR-490-3p: microRNA-490-3p; miR-con: non-specific 
miRNA control; PCa: prostate cancer.
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tosis, migration and invasion in miR-490-3p-o-
verexpressing DU145 and LNCaP cell lines (Fi-
gure 4B-E).

ased cell apoptosis in DU145 and LNCaP cell li-
nes (Figure 4B-E). Of note, enforced expression 
of HDAC2 partially restored proliferation, apop-

Figure 4. Overexpression of HDAC2 reversed the effects of miR-490-3p. (A) Expression of HDAC2, (B) Cell proliferation, 
(C) Cell apoptosis, (D) Cell migration and (E) Cell invasion in LNCaP cell line with pcDNA3.1, pcDNA3.1-HDAC2, or pcD-
NA3.1-HDAC2 and miR-490-3p mimic transfection. (ns not significant, *p<0.05, **p<0.01, ***p<0.001) miR-490-3p: microR-
NA-490-3p; HDAC2: Histone deacetylase 2.
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Discussion

The development of cancers is always accom-
panied with multiple abnormal cell behaviors16. 
As revealed in recent decades, miRNAs are dee-
ply participated in regulating cell behaviors6,7,17-23. 
Therefore, it is reasonable to deduct that miRNAs 
play crucial roles in the oncogenesis of PCa. For 
example, miR-218 was reported to serve an im-
portant role in regulating PCa cell migration and 
epithelial-mesenchymal transition18. This study 
provided evidence that miR-218 might be used as 
therapeutic target for PCa18. MiR-191 was showed 
to be upregulated in both PCa tissues and cell 
lines20. Meanwhile, the upregulation of miR-191 
significantly promoted PCa cell proliferation and 
invasion20. miR-490-3p is a conserved gene that 
located at chromosome 17 (136903167-136903294 
+, GRCh38) and was reported to serve crucial ro-
les in human cancers8-11,24,25. However, its role in 
PCa was not reported previously. Therefore, in 
this study, we showed the expression of miR-490-
3p in PCa cell lines were significantly reduced 
compared with that in the HEK 293T cell line. To 
study the biological roles of miR-490-3p in PCa, 
we performed gain and loss-of function experi-
ments in the PCa cell lines selected. We not sur-
prisingly found the introduction of miR-490-3p 
mimic increased the levels of miR-490-3p, whi-
le miR-490-3p inhibitor decreased the levels of 
miR-490-3p in PCa cell lines investigated. Subse-
quently, a series of in vitro functional experimen-
ts were conducted. It was found overexpression 
of miR-490-3p inhibited proliferation, migration, 
invasion but promoted apoptosis of PCa cell lines. 
In contrast, the transfection of miR-490-3p inhi-
bitor will caused the opposite effects. Identifying 
the downstream targets is essential to understand 
the roles of miRNAs6-11,20. Therefore, in the pre-
sent work, we found HDAC2 might be a target as 
it contains a putative binding site for miR-490-3p. 
Importantly, HDAC2 was previously reported to 
be a critical player in the development of human 
cancers12-15. Hence, luciferase activity reporter as-
say and Western blot assay were conducted and 
validated HDAC2 was a target for miR-490-3p. 
Then, we co-transfected the miR-490-3p mimic 
and pcDNA3.1-HDAC2 into the PCa cell lines to 
investigate whether HDAC2 was a mediator for 
the role of miR-490-3p. We found co-transfection 
of them partially reduced the inhibition effects on 
PCa cell proliferation, migration, invasion and the 
stimulation effect on PCa cell apoptosis caused by 
miR-490-3p mimic.

Conclusions

We detected that miR-490-3p expression 
was downregulated in PCa thus promoting cell 
growth, migration, invasion and inhibit apop-
tosis. Evidence indicated overexpression of 
HDAC2 could partially recover the tumor sup-
pression effects of miR-490-3p mimic. Taken 
together, we showed restoration of miR-490-3p 
may have therapeutic potential for PCa.
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